We observed expression patterns of hedgehog (hh), wingless (wg), and decapentaplegic (dpp) during gut development of Gryllus bimaculatus (the cricket), a typical hemimetabolous insect, and compared with those observed in Drosophila, a typical holometabolous insect. Gryllus hh(Gbhh) and Gbwg are expressed in both foregut and hindgut, while Gbdpp is expressed only in the hindgut: at the boundaries between the small and large intestine, and between the large intestine and rectum. Although the expression patterns of Gbhh and Gbwg are essentially comparable to those observed in Drosophila, the expression pattern of Gbdpp differs from those of the Drosophila dpp. q
Results and discussion
The insect can be grouped mainly in two categories, holometabolous or hemimetabolous. Mechanisms of development have been extensively studied with Drosophila melanogaster, belonging to holometabola, but not with hemimetabolous insects. Therefore, it is an intriguing question whether molecular mechanisms of development differ from each other. From this point of view, we have investigated developmental mechanisms of the cricket Gryllus bimaculatus, as a typical hemimetabolous insect (Niwa et al., 1997 (Niwa et al., , 2000 . In this paper, we focused on gut development and observed expression patterns of the three genes, Gryllus hedgehog (Gbhh), wingless (Gbwg), and decapentaplegic (Gbdpp).
The alimentary canal of insects can be subdivided into three main regions: the foregut, which is ectodermal in origin; the midgut, the major part of which is endodermal; and the hindgut, which is ectodermal. Here, we focused on development of the foregut and hindgut. The developmental process of the Gryllus gut is schematically illustrated in Fig.  1 . In stages 6-8 (2.5-3-day embryos), the foregut invagination (oral opening) takes place in the ventral protocephalon, while the hindgut invagination (anal opening) occurs in the caudal end. In these embryos, Gbhh is intensely expressed in the surface of the protocephalon (Fig. 2B ,C) and its caudal region (Fig. 2B,D) .
At the early stages of foregut invagination (3-day embryo), Gbhh is expressed in the entire region of the ectodermal cells (Fig. 3A) . Then, in stage 11 (6-7-day embryos), the expression domain divided into two regions: the anterior region corresponds to the presumptive oesophagus, while the posterior one to the proventriculus (Fig. 3B,C) . Gbwg is also expressed in the anteriormost of the foregut at stage 7 (3-day embryo) (Fig. 3D) , then in the later stages (6-8-day embryos), the expression is observed at the posterior end which forms the proventriculus (Fig. 3E,F) . Gbdpp is not expressed during the foregut formation ( Fig. 3G-I ).
On the other hand, at the early stages of hindgut invagination (3-day embryo), Gbhh is expressed in the posteriormost of the ectodermal cells (Fig. 4B) . Then, at stage 12 (8-day embryo), the expression domain is divided into two regions of the presumptive small intestine (ileum) and rectum ( Fig. 4C ). On the other hand, Gbwg is expressed in the anterior most of the presumptive hindgut of 3-day embryos ( Fig. 4D ), then its expression domain is divided in two regions: the anterior region corresponds to the presumptive small intestine, while the posterior one to the posterior rectum in 6-7-day embryos (Fig. 4E ). In addition, Gbwg is expressed in the boundary between the rectum and the large intestine (colon) at stage 12 (Fig. 4F) . In 6-7-day embryos, Gbdpp is expressed in the anterior region of the rectum (Fig. 4H ). Then, in the 8-day embryo, the expression becomes discontinuous to form six rectal segments around the anterior region of the rectum (Fig. 4I ). In addition, weak expression of Gbdpp was detected on the ventral side of the boundary between the small and large intestines (Fig. 4I) .
The extrapolated expression patterns of the three Gryllus genes in the adult foregut and hindgut are compared with those of the three Drosophila genes (Fig. 5) . In Drosophila, it was shown that the three Drosophila genes were expressed during proventriculus development (Fig. 5 ) (Pankratz and Hoch, 1995) . Hoch and Pankratz (1996) ; Takashima and Murakami (2001) showed that the three Drosophila genes were also expressed in development of the hindgut as illustrated in Fig. 5 (see Murakami et al., 1999 as a review). The apparent similarity of the spatial expression patterns of hh and wg between the Gryllus and Drosophila strongly suggests the homology of the relevant gut subdomains of both species. Although the expression patterns of hh and wg are basically conserved during gut formation, the expression patterns of Gbdpp differ from those of Drosophila dpp, as observed in Gryllus leg development (Niwa et al., 2000) . Fig. 1 . Schematic illustration of developmental process of the Gryllus foregut and hindgut and expression patterns of Gbhh (green), Gbwg (red), and Gbdpp (blue). (Our observed data are shown in Figs. 2-4 .) The numbers indicate developmental stages defined by Niwa et al. (1997) . The yellow circles (y) indicate egg yolks. fg, foregut; hg, hindgut; mt, malpighian tubules; mg, midgut; cr, crop; pv, proventriculus; gca, gastric caecum; si, small intestine (ileum); li, large intestine (colon); rsc, rectal sac. 
Materials and methods
All nymphs and adults of Gryllus bimaculatus (twospotted cricket) were reared as described previously (Niwa et al., 1997) . Whole-mount in situ hybridization for cricket embryos were carried out as described previously by Niwa et al. (2000) . Comparison of extrapolated expression patterns of Gbhh (green), Gbwg (red), and Gbdpp (blue) in the adult Gryllus guts (left) with those in the adult Drosophila guts (right). The hatched regions indicate overlapping expression patterns. phy, pharynx; oe, oesophagus; cr, crop; pv, proventriculus; gca, gastric caecum; mg, midgut; mt, malpighian tubules; si, small intestine (ileum); li, large intestine (colon); rsc, rectum sac; rec, rectum; ap, anal pads. 
